In early 2002, a bean-like whitish nodule 2 × 1 × 1 cm in size was diagnosed on the tongue of a female Komodo dragon (Varanus komodoensis) kept in a zoological garden in the Czech Republic. The nodule was removed at surgery and histopathological examination revealed a specific granulomatous inflammation. The granuloma contained a necrotic mass surrounded by a variable layer of palisading epithelioid macrophages and multinucleated giant cells with a variable admixture of lymphocytes and plasma cells. Signs of mineralisation within the granuloma were not observed. Using Ziehl-Neelsen (ZN) staining the presence of acid-fast rods (AFR) was determined and the presence of mycobacteria was confirmed by PCR. Four years later, this female died after multiple injuries caused by a male during mating. Necropsy and histopathological examinations revealed granulomatous pneumonia and myocarditis with ZN-positive AFR within granulomas. Mycobacteria were cultured from 13 of 19 tissue samples: Mycobacterium intracellulare was confirmed by sequencing of isolates from multiple affected organs including the respiratory tract, tail muscle, inguinal lymph nodes and blood; Mycobacterium sp. were also isolated from the tongue. In addition, mycobacteria were detected in 15 (46.9%) of 32 environmental samples examined in both years. M. intracellulare was detected in water sediment from the female's terrarium in 2002, and in faeces and peat from the terrarium and in water sediment from the male terrarium in 2006. Except for M. intracellulare (n = 4), M. smegmatis (n = 1), M. a. hominissuis (n = 3), M. fortuitum (n = 2), M. interjectum (n = 1), M. peregrinum/alvei/septicum (n = 1) and Mycobacterium sp. (n = 2) were also isolated from different environmental samples.
Potentially pathogenic mycobacteria (PPM) including Mycobacterium avium complex (MAC) members comprise a heterogeneous group of ubiquitous mycobacteria that can cause various diseases in humans and animals including poikilothermic vertebrates. Environmental sources include soil, water, dust, feed etc. (Pavlik and Falkinham 2009) . PPM predominate as the etiological agents of sporadic infections in captured reptiles. A commensal relationship between mycobacteria and host organisms probably exists with actively infected animals being predisposed to disease (Jacobson 2007) . Primary causative pathogens in reptiles are very few and mycobacteria belong to this group of pathogens together with Chlamydia, Salmonella and Mycoplasma (Pasmans et al. 2008 ). The present report details a case of mycobacterial infection in a captured Komodo dragon (Varanus komodoensis) caused by M. intracellulare.
Case description
Female and male Komodo dragons were kept separately in two terrariums in a zoological garden in the Czech Republic since 1997. The animals were fed mostly with laboratory rats. In 2002, a bean-like whitish nodular lesion 2 × 1 × 1 cm in size was found on the tongue of a female during preventive clinical examination. There were no other macroscopic pathological lesions observed nor had any deterioration been noted in the patient's condition. The nodule on the tongue was removed at surgery and a biopsy specimen was collected for histopathological examination. The sample was fixed in buffered 10% neutral formalin, dehydrated, embedded in paraffin wax, sectioned on a microtome at a thickness of 4 μm, and stained with haematoxylin and eosin (H&E) and Ziehl-Neelsen (ZN) for the detection of acid-fast rods (AFR) in the tissue. Histopathological examination revealed a specific granulomatous inflammation. The granuloma contained an irregular necrotic mass surrounded by a variable layer of palisading epithelioid macrophages and multinucleated giant cells with a variable admixture of lymphocytes and plasma cells with the occasional presence of heterophils on the periphery of the granuloma (Figure 1 ). Signs of mineralization within the granuloma were not observed. Using ZN staining the presence of AFR was demonstrated in tissue of the tongue affected by granulomatous inflammation (Figures 2 and 3) . The formalin-fixed paraffin-embedded tongue tissue section was then further analysed; the section was deparaffinised in xylene and subjected to DNA isolation according to a procedure described previously . The presence of mycobacterial DNA in the tongue tissue was proven by two independent conventional PCR methods described previously (Mokaddas and Ahmad 2007; Moravkova et al. 2008) . From six samples from the terrarium where the female was kept mycobacteria including two members of the MAC (M. a. hominissuis and M. intracellulare) and M. smegmatis were isolated. From the male terrarium, where the female was placed for a few weeks during the mating season, M. a. hominissuis was isolated from two out of six environmental samples (Table 1) . In 2006 a female Komodo dragon died before intended transportation abroad (Figure 4 ). During the necropsy no pathological findings were found on external examination of the body. Multifocal gouty infiltrates were found in the subcutis between the fascia of the muscles and on the serosal surface of the pericardium. The walls of both heart atriums were hypertrophic with the presence of several irregular foci of necrosis. The lungs were massively hyperaemic with numerous miliary whitish nodules randomly localized in the parenchyma. The liver was enlarged with rounded edges and was yellow to brown in colour. The kidneys were slightly enlarged and gout pattern was evident on the surface and on the cut surface through the parenchyma. The spleen was slightly enlarged. There were no pathological lesions observed in the gastrointestinal tract, while the stomach contained the remnants of a partially digested rodent. One watery egg yolk was found in the cloaca. The body cavity contained about one litre of partially clotted blood originating from a ruptured follicle on the left ovary. In the neighbourhood of the ruptured follicle another follicle 3 × 3 cm in size, filled with blood was found, along with several smaller follicles. The right ovary contained several larger follicles up to 2 cm in size. The oviducts were empty and the mucosal surface was covered with mucous exudate. No other gross lesions were observed. Subsequently, tissue samples from affected organs were collected for histopathological examination. Samples were fixed in buffered 10% neutral formalin, dehydrated, embedded in paraffin wax, sectioned on a microtome at a thickness of 4 μm, and stained with H&E and ZN for the detection of AFR in tissues. The tissue samples were taken for culture and PCR examinations. Histopathological examination revealed a diffuse to nodular granulomatous inflammatory reaction in the myocardium and epicardium of the atriums containing numerous ZN-positive AFR localised free in the necrotic tissue and phagocytised within macrophages. Besides gouty granulomas, hyperaemia and alveolar oedema, a similar specific granulomatous reaction as in the heart muscle, with the presence of epithelioid macrophages and lymphocytes was observed in the lungs, again with ZNpositive AFR. There were no signs of mineralisation in the granulomas. Diffuse glomerulonephritis with urate granulomas in the cortex and medulla were found in the kidneys. Diffuse non-specific granulomatous splenitis with occasional urate granulomas was observed. In the liver dystrophic vacuolar changes with hepatocytes containing large lipid droplets (fatty liver degeneration) were seen. ZN staining was negative in the case of the kidneys, spleen and liver. Microscopically, no other organs exhibited pathological lesions (except for the hyperaemia of organs) and ZN staining was negative in all these tissue sections. The formalin-fixed paraffinembedded tongue tissue section was then further analysed. The tissue section was deparaffinised in xylene and subjected to DNA isolation according to a procedure described previously . The presence of mycobacterial DNA in the tongue tissue was proven by two independent conventional PCR methods described previously (Mokaddas and Ahmad 2007; Moravkova et al. 2008) . Culture examination of 32 samples from the environment of both terrariums was also performed. PPM were isolated from nine (56.3%) of 16 samples from the terrarium where the dead female was kept and from six (37.5%) of 16 samples from the external environment of the male terrarium. From 20 tissue samples collected AFR were observed by microscopy in only three tissue impressions: in the lungs, visceral fat tissue and tongue. Mycobacteria were detected by culture in 13 samples (65.0%). Mycobacteria were also isolated from three of eight samples of the haemolysed fluid from the body cavity (Table 1) .
DISCUSSION AND CONCLUSIONS
Mycobacteriosis is a sporadic disease in captured reptiles. With respect to the published data, the low prevalence of the infection and the ubiquitous presence of mycobacteria in the environment are suggestive of natural resistance to these opportunistic pathogens (Brownstein 1984; Jacobson 2007) . Mycobacterial infection in reptiles manifests morphologically as a granulomatous inflammatory reaction with systemic spreading of the pathogen resulting in necrosis (Soldati et al. 2004 ). The disease may be present in a variety of clinical forms with most organ systems being affected. In our case, tuberculous lesions were found focally only in the tissue of the tongue (Figure 1) , and apparently, during a time period of four years, dissemination of the disease progressed to systemic infection with marked alteration of the lungs and heart muscle, which was accompanied by the formation of tuberculous granulomas. There is no precise explanation for why the infection caused by mycobacteria was manifested only in the female, although these were present in the environment of both the animals (Table 1) . We did not identify any other underlying diseases in the female acting as possible immunosuppressive factors leading to mycobacterial infection except for repeated injuries caused by the male during the mating season. Clinical diagnosis in reptiles can be difficult due to the non-specific clinical signs of the disease and treatment is often unsuccessful. According to various authors, mycobacterial infections in reptiles have been reported in various species including crocodiles, caimans, turtles, snakes and lizards with the involvement of different organ systems (Olson and Woodard 1974; Rhodin and Anver 1977; Quesenberry et al. 1986; Hernandez-Divers and Shearer 2002; Girling and Fraser 2007; Roh et al. 2010; Slany et al. 2010) . The most common mycobacterial isolates from reptiles include M. marinum, M. chelonae, M. thamnopheos, followed by cases of M. haemophilum, M. kansasii, M. agri, M. confluentis, M. hiberniae, M. neoaurum and M. nonchromogenicum (Jacobson 2007) . These mycobacterial species were not isolated from the female tissue or from the environment (Table 1) . A report on the isolation of mycobacteria belonging to MAC, described as M. avium, was made in Pacific green turtles with granulomatous lesions in the liver, spleen and kidneys (Brock et al. 1976) . There is only one report in the literature documenting M. intracellulare infection in a member of the family Varanidae; this study concerned a water monitor (Varanus salvator; Friend and Russell 1979) . In our case, the repeated isolation from M. intracellulare from different parts of the environment including water sediment from the basin in 2002 and from peat from the female terrarium (Table 1) documented the infection pressure that the reptiles were under. Wounds caused by the male during the mating season were probably infected by these PPM. The excretion of M. intracellulare in female faeces could be explained by the isolation of the same mycobacterial species from the environment or this excretion may have been caused by the passage of infected sputum through the gastrointestinal tract. M. interjectum was isolated from one brown caiman (Caiman crocodilus fuscus) reared in captivity in the Czech Republic . The isolation of the same pathogen from the water sediment in the basin in the female terrarium demonstrates the threat, which can be posed by the contaminated terrarium environment for injured and non-treated animals. At temperatures higher than 20 °C and especially in conditions of high humidity PPM can grow in organic polluted matrices (Pavlik and Falkinham 2009) . Such conditions are present in all terrariums with reptiles. The decorative material (peat, wooden shavings saw, dust, bark etc.) and water environment are often contaminated by members of the MAC including M. a. hominissuis and M. intracellulare (Pavlik et al. 2000; Krizova et al. 2010; Novotny et al. 2010; Kaevska et al. 2011) . The occurrence of mycobacteriosis in zoological gardens may represent a potential threat to other animal species and a risk to the public health, especially to immunocompromised individuals, such as those with HIV/AIDS (Johnson-Delaney 2006). Gross necropsy findings and histopathological examination of the affected organs, along with culture and PCR examinations of specimens reliably confirm the diagnosis post mortem.
